The choice of a suitable species to translate pollution signals into a quantitative monitor is a fundamental step in biomonitoring plans. Here we present the results of three years of biomonitoring at a new coal power plant in central Italy using three different aquatic and terrestrial wildlife species in order to compare their reliability as sentinel organisms for genotoxicity. The comet assay was applied to the common land snail Helix spp., the lagoon fish Aphanius fasciatus, and the green frog Rana esculenta sampled in the area potentially exposed to the impact of the power station. The tissue concentration of some expected pollutants (As, Cd, Ni, Pb, Cr) was analysed in parallel samples collected in the same sampling sites. The three species showed different values in the comet assay (Tail Intensity) and different accumulation profiles of heavy metals. Aphanius fasciatus showed an increasing genotoxic effect over time that paralleled the temporal increase of the heavy metals, especially arsenic, and the highest correlation between heavy metals and DNA damage. Helix spp. showed levels of damage inversely related to the distance from the source of pollution and in partial accordance with the total accumulation of trace elements. On the contrary, Rana esculenta showed a low capability to accumulate metals and had inconsistent results in the comet test. The fish appeared to be the most efficient and sensitive species in detecting chemical pollution. Overall, both the fish and the snail reflected a trend of increasing pollution in the area surrounding the power plant across time and space [Current Zoology 60 (2): 308-321, 2014].
Wildlife sentinels are regarded as those populations that can react to environmental contaminants before they impact human health and ecosystems without significant adverse effects (Stahl, 1997; Van der Schalie et al., 1999; Rabinowitz et al., 2005; Carere et al., 2010) . A crucial issue is the selection of the species to monitor. This can be achieved by adopting a number of criteria: (i) a simple relationship between the source and tissue concentrations of the pollutant(s); (ii) its consistency across sampling sites and years; (iii) relative insensitivity to the pollutant(s); (iv) being abundant and easy to sample and to age; (v) a good knowledge about its ecology and physiology; (vi) being sedentary or having a limited home range (Martin and Coughrey, 1982; Philips and Segar, 1986; Philips and Rainbow, 1993; Beeby, 2001) .
Many physical and chemicals contaminants can cause structural and functional changes in the molecular compounds of living cells. DNA is an important target of environmental stress due to persistent organic pollutants in both aquatic and terrestrial organisms (Frenzilli et al., 2001) . The contaminants can create DNA lesions, including strand-breaks, modified bases, DNA-DNA and DNA-protein crosslinks (Eastman et al., 1992) . DNA strand-breaks (Shugart, 1990; Balpaeme et al., 1996) are a common modification that may be induced by a wide range of agents and mechanisms (Nacci and Nelson, 1992; . Therefore, DNA damage has been proposed as a biomarker for assessing the genotoxic properties of environmental contaminants in biomonitoring studies (Everaats et al., 1998; Felder et al., 1998; Theodorakis and Shugart, 1998; Xu et al., 1999) .
Among the various techniques used to assess the genotoxicity of environmental pollutants, the single cell gel electrophoresis (SCGE), or comet assay, has advantages that make it ideal for use in sentinel organisms Rojas et al., 1999) . This technique can detect early signs of exposure to genotoxicants and show primary DNA damage as single or double strand breaks, alkali-labile sites and crosslinks in eukaryotic cells (in vivo and in vitro) in different tissues (Singh et al., 1988; Tice et al., 2000; Reinecke and Reinecke, 2004; Bonisoli-Alquati et al., 2010; Mosesso et al., 2012; Dallas et al., 2013) . Many studies used the comet assay to determine DNA strand-breaks in aquatic organisms (Frenzilli et al., 2009; Lee and Steinert, 2003) , while there are relatively few studies regarding the terrestrial environment (Table  1) . The assay has been used under laboratory conditions, both in vivo and in vitro, for a variety of genotoxic agents and in organisms collected at polluted sites. In most studies, DNA damage has been linked to exposure to a wide spectrum of contaminants (polycyclic aromatic hydrocarbons, pesticides and heavy metals), standard genotoxicants (hydrogen peroxide, methyl methane sulfone, benzopyrene), cytotoxic compounds and physical agents like radioactivity and x-rays (for reviews see Lee and Steinert, 2003; Frenzilli et al., 2009; Vasseur and Bonnard, 2014; Bonisoli-Alquati, 2014) .
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Rattus rattus Leon et al., 2007 of the most widespread form of environmental chemical contamination. Significant correlations have been found between DNA damage and the presence of heavy metals (Matsumoto et al., 2006; Hengstler et al., 2003; Cestari et al., 2004; Reinecke and Reinecke, 2004) in different sentinel organisms such as earthworms, mussels and fish. However, to our knowledge there are no analyses focused on comparing the response of different organisms to contaminants and simultaneously evaluating their relative resolving power We aimed at evaluating three different wildlife sentinels representative of different habitats, both terrestrial and aquatic, in the area potentially exposed to the impact of a power station reconverted from oil to a coal-fired plant in 2010: the killifish, the common land snail and the green frog. The Mediterranean killifish Aphanius fasciatus (Valenciennes, 1821) is a cyprinodont living in coastal brackish waters, lagoons and salt marshes distributed over the central and Mediterranean costal zones (Tortonese, 1986; Fischer et al., 1987; Cavraro et al., 2013) . It is a well-known species in life history ecology and its entire life cycle is spent in these habitats with a low potential for dispersion (Maltagliati, 1998; Cavraro et al., 2013) . The species is euriecial by also being present in the extreme environmental conditions typical of these habitats, and it has already been evaluated as a potential sentinel to detect complex genotoxic mixtures in coastal lagoon ecosystems (Mosesso et al., 2012) . In this study, samples collected in a significantly polluted site showed significant increases of DNA damage compared to samples of unpolluted sites.
The gastropods Helix spp. have the capability to accumulate different classes of chemicals and are considered suitable species for monitoring trace metals, agrochemicals, urban pollution and electromagnetic exposure (Berger and Dallinger, 1993; Gomot de Vaufleury and Pihan, 2000; Snyman et al., 2000; Beeby and Richmond, 2002, 2003; Viard et al., 2004; Regoli et al., 2005) . Contact with a pollutant can occur through three routes: ingestion of soil and vegetation, contact with the soil and inhalation of air. Therefore, these species are potential sentinels of the bioavailability of contaminants in both soil and air. Due to the type of habitat, their low mobility, and their feeding behaviour, snails can provide information on the quality of the environment and are used in campaigns for environmental biomonitoring (Regoli et al., 2006; Leffa et al., 2010; Angeletti et al., 2013) .
Rana esculenta complex (Linnaeus 1758) is formed by the two parental species Rana lessonae and Rana ridibundae and by the hybrid Rana esculenta (Santucci et al., 1996; . Amphibians may be useful for assessing the presence of toxic wastes in water and soil or sediment (Boone and Bridgs, 2003) . Most of the respiratory exchange occurs through the skin, so they can easily absorb environmental pollutants of their habitats. They have also a poor vagility, which makes them confined to the environment in which they live. Anurans were used to observe their sensitivity to pollution by heavy metals (Lefcort et al., 1998; Leontyeva et al., 1997) , by nitrogenous substances (Oldham et al., 1997) , and pesticides (Schuytema et al., 1991 (Schuytema et al., , 1993 and to monitor areas with intensive agriculture or heavy industrial activity (Ralph et al., 1997) . In particular, the frogs of the R. esculenta complex have been used as biosensor (Kiseleva, 1997) or as bioindicators where high levels of DNA damage in erythrocytes of natural frog populations can be accounted by the presence of harmful compounds in waste dumping (Maselli et al., 2010) . We performed the primary DNA damage analysis through the comet assay and analysed the concentration of five heavy metals (As, Cd, Ni, Pb and Cr), as some of the expected pollutants emitted by the power station, in the tissues of these three species. The samples were collected in potentially contaminated sites and in control sites across two or three years.
Materials and Methods
Study area and sampling
Sampling was carried out in the area surrounding the ENEL power station "Torrevaldaliga Nord" (Civitavecchia, Central Italy) that was reconverted from an oil to a coal-fired plant in 2010. The area is potentially under different degrees of pollution due to the presence of different genotoxic compounds, which include heavy metals released by the new plant.
Different locations at different distance from the pollution source were selected for sampling across three years (2010-2012) for A. fasciatus (two locations), and two years (2011, 2012) for Helix spp. (five locations) and R. esculenta (three locations) ( Table 2) . Seven locations were selected with some of them coinciding across species ( Fig. 1 ): a) Tarquinia Roccaccia Fontanil della Torre, a rural farmland of nonintensive agriculture; b) Natural Reserve "Saline of Tarquinia" (southern and northern ponds for A. fasciatus) located on the Tyrrhenian coast of central Italy was originally a site for salt work in which salt production was terminated in 1997. The basins are in connection only with the sea and are isolated from the inland by a canal which runs all around the area.; c), d) and e) three sites located in Civitavecchia in close proximity to the power station; f) Tolfa mountains.
Aphanius fasciatus were caught with appropriate nets. After capture, specimens were maintained alive in oxygenated recipient water and transported to the laboratory within 2-4 hours, until processed for experimental purposes. The snails were transported to the laboratory in a plastic box of the sort normally used for food and submitted for analysis on the same or the following day. R. esculenta individuals were captured by hand or with fishing nets in the evening hours. After capture, they were transported to the laboratory, housed in a plastic box and submitted for analysis the following day. Further details on the description of the sites and sampling procedure for A. fasciatus and Helix spp are reported elsewhere (Angeletti et al., 2010; Angeletti et al., 2013; Mosesso et al., 2012) .
Comet assay
The alkaline comet assay for A. fasciatus and Helix spp. was performed according to the procedures described for these species in Mosesso et al. (2012) and Angeletti et al. (2013) . Briefly, the fish were sacrificed by a blow to the head and pericardial blood was collected with the aid of micropipettes, and in the snails, hemo- lymph was collected after a small hole was created on the shell at the hemocoele level (Regoli et al., 2006; Leffa et al., 2010) . For both species, the times of unwinding of DNA and electrophoresis were standardized respectively at 10 min and 10 min. For R. esculenta complex, the test was carried out on the circulating blood taken with a hypodermic syringe, after the removal of the phalanx. About 1-2 µl blood were collected from each individual and diluted with 10 µl of PBS. The alkaline comet assay was performed according to the method of Singh et al. (1988) and Mustafa et al. (2011) with some modifications necessary for the species R. esculenta concerning the times of unwinding DNA and electrophoresis that were standardized respectively to 30 min and 30 min. DNA damage was expressed as % Tail DNA (hereafter Tail Intensity, TI), which is considered the most reliable parameter (Kumaravel and Jha, 2006) .
Heavy metals
In parallel to the primary DNA damage analysis, the chemical analysis of five heavy metals has been performed (As, Cd, Ni, Pb, and Cr). The samples (whole organism for A. fasciatus; soft tissue for Helix spp.; muscle tissue for R. esculenta) were thoroughly homogenized with suitable equipment after removing the parts not considered in the analysis. The samples were analysed by atomic absorption spectrophotometer. Briefly, the tissues were homogenized and 0.5 g were weighed with an analytical scale in 50 ml plastic centrifuge tube. Ten-milliliter hyperpure nitric acid (65%) was then added. Subsequently, the solution was boiled for 30 min under chemical hood. After cooling at ambient temperature, the acid solution was put in a 50 ml flask and brought to volume with demineralized hyperpure water for trace analysis. Control trials were carried out with certified material and samples fortified with the target analytes were prepared. The mineral solution was finally analysed by atomic absorption spectrophotometry. The tissue concentrations are expressed as mg/kg fresh weight.
Data analysis
The data of both TI and heavy metal concentrations (hereafter HM) were successfully log-transformed to meet the assumptions of homoscedasticity for parametric analysis. We then ran two separate ANOVAs to test the effect of species (three levels) on the variables TI (comet assay) and total HM concentration. Due to the strong unbalance in the data, which made it impossible to run a single model including all factors, we ran three separate ANOVAs (one for each species) with year of sampling and sampling location as between-subject factors on these two variables. Fisher's PLSD post hoc was applied for multiple comparisons. Pearson correlation coefficient and linear regression with total HM concentration as the predictor variable were used to test the strength of association between HM and TI in each species and its sensitivity (regression slope). The differences between species were then analysed with a correlation difference analysis (Z-test, a test for comparing independent correlations based on correlation coefficients and sample sizes, using the Fisher r-to-z transformation, Cohen and Cohen, 1983) . The correlational analysis was computed on the two parallel datasets nested per site and sampling year. The tests were two-tailed with an α-level = 0.05. The analyses were performed using Statview II (Abacus Concepts, CA, USA).
Results
Comet assay
The sample size for each species across years and sampling sites is reported in Table 2 . A highly significant effect of species emerged for TI: A. fasciatus showed the highest values followed by R. esculenta and Helix spp. (F 2,130 = 27.8, P < 0.0001; 0.0001 < P < 0.016 in post hocs, Fig. 2A) .
In A. fasciatus, TI differed across years, with lower values in 2011, while it always had higher values in the southern locations (year: F 2,35 = 5.2, P = 0.01; post hocs 2011 vs 2012, P = 0.0004; sampling site: F 1,35 = 20.91; F < 0.0001, Fig. 3A) . The interaction between year and sampling site was borderline significant (F 2,35 = 2.7; P = 0.08).
In Helix spp. TI differed across the different locations (F 4,56 = 3.5, P = 0.012; a vs d and e; b vs d and e; c vs d and e, 0.004 < P < 0.04 in post hocs Fig. 4A ). The interaction between year and sampling site was not significant (F 4,56 = 0.66; P = 0.60).
In R. esculenta TI differed between the two years with the highest values in 2012 (F 1,20 = 45.3, F < 0.0001), and across sampling location (F 2,20 = 4.8, P = 0.02; e vs f, P = 0.007; a vs f, P = 0.04 in post hocs, Fig.  5A ). The interaction between year and sampling site was not significant (F 2,20 = 1.2, P = 0.30).
Heavy metals
The descriptive statistics of the single pollutants for each species are shown in the Appendix (Tables A1, A2 , A3). Here we report the statistical outcomes for the total HM concentration in the three species considered: A. fasciatus showed the highest values followed by Helix spp. and R. esculenta (F 2,237 = 21.9 and P < 0.0001; ps < 0.0006 in post hocs Fig. 2B ). In A. fasciatus the total concentration of HM markedly differed between the two years of sampling and between the two locations with the highest values in 2012 (F 2,73 = 1106.1, P < 0.0001; 2010 vs 2012 and 2011vs 2012 ps < 0.0001 in post hocs) and in the southern locations (F 1,73 = 67.5, P < 0.0001; ps < 0.0001 in post hocs, Fig. 3B ). The interaction between site and year was also highly significant; the highest difference between northern and southern location was observed in 2012 (F 2,73 = 20.4, P < 0.0001).
In Helix spp., the total concentration of HM differed between the two years with the highest values in 2011 (F 1,90 = 68.04, P < 0.0001; 2011 vs 2012, P < 0.0001 in post hoc) and across sampling sites (F 4,90 = 26.5; P < 0.0001; a vs b, c, d, e; b vs c, d, e, Ps < 0.0004 in post hocs, Fig. 4B ). The interaction between these two factors was also significant: the main contribution was given by sites c and d, in which HM concentrations were more than three times lower in 2012 compared to 2011 (F 4,90 = 25.8, P < 0.0001). In R. esculenta tissues no pollutant was detected in 2012 in two out of three sampling locations. Total concentration of HM was the highest in 2011 (F 1,54 = 2610.7, P < 0.0001). There was also a significant effect of sampling site (F 2,54 = 12.3; P< 0.0001; a vs e, f, P ≤ 0.0001 in post hocs, Fig. 5B ) and of the interaction between site and year (F 2,54 = 22.0, P < 0.0001).
Association between genotoxicity and heavy metals
The correlation coefficients for the three species are presented in Table 3 . A. fasciatus showed the highest coefficients, followed by R. esculenta and Helix spp. R. esculenta showed an inverse correlation between HM concentration and TI. In the fish, the contribution to the significant positive correlation was given by As, Ni, and Cr, whereas in the snail the contribution to the (non significant) positive correlation was given by Ni and Cr (Figs. 6, 7) . The regression analysis indicates a better sensitivity of the fish as suggested by the higher steepness of the lines. The species comparison in the coefficient, carried out considering total HM concentration, was as follows: A. fasciatus was almost signifycantly higher than Helix spp (z = 1.72, P = 0.08) and not significantly different than R. esculenta (z = -0.53, P < 0.29); Helix spp. was significantly higher than R. esculenta (z = -2.03, P = 0.04). In nature, the selection of suitable sentinel populations is inherently difficult (Hasspieler et al., 1995) and there have been relatively few studies providing interspecies comparisons. Here, we show that genotoxicity biomarker responses previously detected in the laboratory can be applied in native populations of the fish A. fasciatus and the snail Helix spp. These species meet most of the criteria enlisted in the Introduction for the choice of target suitable species for biomonitoring.
In A. fasciatus the profiles of DNA damage were consistent with those of heavy metal concentration. For both TI and HM the differences between A. fasciatus and the other two species were conspicuous with significantly higher values in the fish compared to the other two. The consistency clearly emerged when considering the trends over time and space with the highest values of HM in 2012 and in southern locations within each year, which parallels the TI values recorded in the corresponding samples. These results are supported by the positive correlations between TI and HM concentrations, which are the highest among the sampled species. The interaction between site and year, which was borderline significant for TI and highly significant for HMs, could indicate that the metals tend to especially accumulate in samples from the southern ponds, and this is followed by a parallel increase in DNA damage of slightly lower magnitude. These data indicate a good efficiency and sensitivity of A. fasciatus to genotoxic agents as previously suggested by both in vitro and in vivo assessments (Mosesso et al., 2012) . The low values of TI recorded in our study (in 2010, 2011 and 2012 northern ponds) are in line, or slightly higher, with respect to the values found in previous studies in fish erythrocytes (Frenzilli et al., 2004; Mustafa et al., 2011) . Moreover, we previously showed that this is not due to the presence of replicating cells in S-phase, but it is rather a species-specific feature (Mosesso et al., 2012) . On the other hand, the TI values recorded in our study in the 2012 southern sample including a parallel increase of HM concentration, were similar to those found in specimens from Orbetello lagoon (about 40 km North, Tuscany, Italy), which is considered a significantly polluted site with high concentrations of As, Cd, Cu, Hg, Pb, and Zn of anthropogenic origin (e.g. up to 17 mg/kg of As and 245 mg/Kg of Pb, in sediments, Succi et al., 2008; Frontalini et al., 2010; Mosesso et al., 2012) . Thus, the comet assay appears to have detected the increasing exposure to genotoxic compounds. Notably, within each sampling year, A. fasciatus always showed higher TI and HM values in the southern area, which could be the consequence of the shorter distance of this site from the presumed source of pollution. Further, the connection with the sea of Tarquinia salterns is located north of the area and the water exchange is lower in the southern ponds, thus the persistence of pollutants may be favoured (Bellisario et al., 2013) . Finally, HMs tend to be associated with the organic matter present in the thin fraction of the sediments (Soares et al., 1999) , which progressively increases in the southern area (Bellisario et al., 2013) . The increase of total HM concentration in fishes collected in 2012 was mainly due to arsenic, which is one of the pollutants expected from coal-fired power plants (Yudovich and Ketris, 2005; Goodarzi, 2006; Senior et al., 2006) . Fish cell lines have a good sensitivity to the genotoxic effects of inorganic arsenicals, which are even higher than those expressed by mammalian cells in concomitant in vitro exposures (Raissudin and Jha, 2004) .
In the snail Helix spp. there was no significant variation in DNA damage across two years, while total HM concentrations significantly decreased from 2011 to 2012 particularly in sites c and d. TI and HM concentrations tended to be higher near the power station. The correlation coefficients between TI and HMs were almost significantly lower than those found in A. fasciatus. Further, the lower steepness suggests a lower sensitivity (Figs. 6A and 7A ). In Angeletti et al. (2013) , TI values recorded in 2011 were significantly inversely correlated with the distance of sample locations from the power station. In 2012, this correlation was borderline significant (P = 0.08, unpublished results), despite the aforementioned decrease of HMs over time in sites c and d. This indicates that the higher DNA damage near the power station could be due to other pollutants beyond HMs. Indeed, terrestrial species, through their interaction with a diverse range of environmental compartments (e.g. soil, air, water and food) can be exposed to a complex array of contaminants (Tarazona and Vega, 2002; Langdon et al., 2003a) whose presence in the snail tissues were not considered here. Moreover, as demonstrated for earthworms, the bioavailability of genotoxic compounds can decrease as a consequence of soil ageing that strengthens pollutants sequestration (Vasseur and Bonnard, 2014) . Lab and field studies have shown that, even if the comet assay has a sufficient sensitivity to detect DNA damage in fish, haemocytes of aquatic gastropods are often more sensitive to genoto-xicants than fish erythrocytes (Jha, 2008; Osterauer et al., 2011) . This seems to confirm that the different bioavailability of pollutants in aquatic versus terrestrial environments could be one main reason for the observed higher sensitivity of A. fasciatus with respect to Helix spp. Moreover, the higher bioavailability of metals in aquatic habitats could have enhanced the effect of other genotoxicants, as it is known that metals can exert an indirect damage effect and inhibit the DNA repair systems (Dixon et al., 2002) .
R. esculenta showed inconsistent results of difficult interpretation, which should be considered as preliminary. TI and HM concentration showed an opposite trend across years, with the first one significantly increasing and the second one significantly decreasing from 2011 to 2012. The differences of TI between sampling location seem to be consistent with the distance from the source of pollution, since the amount of DNA damage increases towards it, but this was not observed for HMs. In 2012, the farthest site showed the highest values of total HMs. The differences between the sampling sites did not change for TI, which is different from what happens to HMs, whose concentrations in the sites e and f dropped to zero in 2012 and enhanced the gap between them and site a. Surprisingly, the correlation coefficients between the TI values and HM concentrations had a negative sign, indicating that higher DNA damage was associated with lower pollutant levels. The data obtained could be spurious or insufficient, may suffer the paucity of locations and individuals and could suggest that HM are not responsible for the genotoxic effect recorded in R. esculenta. Moreover, it is known that in amphibians, most trace elements tend to accumulate in tissues other than blood and muscle, such as kidney or liver (Loumbourdis, 1998; Vogiatzis and Loumbourdis, 1998; Loumbourdis et al., 2007) , which were not analyzed here. Nevertheless, our preliminary tests for the comet assay on R. esculenta, already showed a limited sensitivity of its erythrocytes after in vitro exposure to genotoxic referent agents (e.g. hydrogen peroxide and x-rays; unpublished data), and it is known that the susceptibility of amphibians to pollutants, such as pesticides, varies across life stages (Greulich and Pflugmacher, 2003) . Thus it is possible that part of the variability in the values registered here by the comet assay may be due to age or different seasonal conditions during sampling.
As regards possible mechanisms, some metals such as chromium (Zhitkovich et al., 1996; O'Brien et al., 2001; Matsumoto, 2006) , cadmium (Hengstler et al., 2003) , lead (Cestari et al., 2004) , nickel, arsenic (Hirano and Tamae, 2010) , and mercury can induce direct or indirect DNA damage, along with synergistic activity (Hengstler et al., 2003) . Chromium can directly damage DNA producing DNA strand breaks, DNA-protein crosslinks and can cause cell to generate reactive oxygen species (De Flora et al., 1989; Klein et al., 1991) . The damage could occur by inducing reactive oxygen species (ROS) that attack DNA generating oxidized bases (Bohr et al., 2002; Hirano and Tamae, 2010) : for example, the effects of Ni can result from the generation of oxygen radicals in the interaction between metals and proteins (Reinecke and Reinecke, 2004) . These radicals can subsequently interact with DNA, induce damage to its bases and cause DNA strand-breaks (Kasprzak et al., 1992; Misra et al., 1993) . Metals could also interact with the DNA repair process: Ni (Reinecke and Reinecke, 2004) , Cr, Pb, As and Cd (Hirano and Tamae, 2010) can inhibit repair systems (Singh et al., 2009; Bolin et al., 2006) . Three years of biomonitoring the coal power plant allowed a comparative evaluation of three species as sentinel organisms. A. fasciatus clearly reflected the bioaccumulation of expected pollutants, such as arsenic, and the general increasing exposure to genotoxic compounds over time. Helix spp. reflected the geographical extent and the gradient of exposition to genotoxic compounds in the area surrounding the presumed source of pollution. Respect to the fish Helix spp. also have the advantage of ubiquity and the possibility to plan sampling campaigns in which individuals coming from not-polluted sites are artificially exposed according to a biomonitoring grid around the power plant. R. esculenta needs further testing, but the data collected so far seem to indicate that the species should be used in other ecological contexts to detect impacts that directly affect the hydrological sector (see Maselli et al., 2010) .
It is still necessary to add complementary approaches: (i) a chemical characterization of environmental matrices of the sample sites to relate the genotoxicity and bioaccumulation to actual soil and water bioavailability in order to test the criterion of a simple relationship between source and tissue concentration of the pollutants; (ii) the use of the micronucleus test, as the simplest biomarker of effect to evaluate the occurrence of persistent DNA-damage (Bolognesi and Cirillo, 2014) ; (iii) an experimental approach using transplanted animals (in particular for Helix spp.), since organisms from already contaminated soils may develop resistance to the genotoxic effect of pollutants (Voua Otomo and Reinecke, 2010; Button et al., 2010; Button et al., 2012) .
In sum, both the fish Aphanius fasciatus and the snail Helix spp. mirrored a trend of increasing pollution across time and space, which was evident by accumulation profiles being consistent with profiles of DNA damage. The fish appeared the most sensitive species in detecting heavy metal pollution. Conversely, the frog Rana esculenta showed a low capability to accumulate metals and puzzling results in the comet assay.
